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本论文对一株从 Ulsan 海湾（韩国）沉积物中筛选到的高效 PAHs 降解菌
Novosphingobium pentaromativorans US6-1 对菲、芘和苯并芘（三环至五环 PAH）
降解特性、差异表达蛋白质组、关键酶基因表达等方面进行了较为系统的研究，
获得的主要结果如下： 
1. GC-MS 结果显示，新鞘氨醇菌 US6-1 能高效降解 3-5 环 PAHs，经过 24h，
36h 和 48h 后对起始浓度为 10ppm 的菲、芘和苯并芘的降解率分别可达到
86.62%，31.81% 和 22.18%； 
2. 在双向电泳（2D-E）分离差异表达蛋白前对 N. pentaromativorans US6-1
全蛋白提取和电泳过程中的主要影响因子进行了优化，结果表明：以变性剂为
7M 尿素/2M 硫脲，还原剂 DTT 为 20mM，上样量为 150μg，最大聚焦电压为
8, 000V 时能获得理想的蛋白图谱； 
3. 通过功能蛋白组学分析和串联质谱鉴定，发现了在 PAHs 诱导下 N. 
pentaromativorans US6-1 产生了的包含 PAHs 降解，转运和调节因子，碳代谢，
氨基酸代谢，核苷酸代谢，特殊功能蛋白和未知功能蛋白在内的七大类功能蛋白； 
4. 根据环羟基化双加氧酶 α 亚基和 4-羟基苯甲酸 3-单加氧酶的基因序列信
息设计特异性引物，采用反转录实时 PCR 分析发现这两个基因的表达在不同底
物诱导下均有不同程度的上调； 
5. N. pentaromativorans US6-1 在通过环羟基化双加氧酶开环后经一系列的
酶作用后，经 3-氧代乙二酸通路中的水杨酸或者邻苯二甲酸支路生成 TCA 循环


















Polycyclic aromatic hydrocarbons (PAHs) are one class of organic pollutants, widely 
distributed in the environment. They are carcinogenic, teratogenic, and mutagenic to 
living organisms by food chain. It is an efficient way to recover PAHs contamination 
by microbial remediation. It is a hotspot field to construct Genetic Engineering 
Microorganisms (GEMs) capable of bioremediating contaminated environment, 
which denpends on the elucidation of genes and corresponding enzymes involved in 
PAHs degradation and therefore the clarification of genetic regulation and metabolism 
pathways. 
In order to gain insight into the mechanism of High Molecular Weight 
PAHs(HMW-PAHs), Novosphingobium pentaromativorans US6-1, a marine 
bacterium isolated from muddy sediment of Ulsan Bay, Republic of Korea, was used 
to study the PAHs degradative characteristics, identification of the functional enzymes 
and genes involved in the biodegradation base on a proteome analysis of N. 
pentaromativorans US6-1 exposed to phenanthrene, pyrene and benzo[a]pyrene, and 
elucidating PAHs biodegradative pathway. The main results were as follows: 
1. N. pentaromativorans US6-1 could degrade PAHs effectively, with the 
increasing of ETS activity value, the residual rate of 10ppm phenanthrene, pyrene and 
benzo[a]pyrene decreased by 88.09%, 33.11% and 23.58% respectively;  
2. After the optimization of major factors in two-dimensional electrophoresis for 
N. pentaromativorans US6-1, the optimal conditions of 2D-E for N. 
pentaromativorans US6-1 were using 7M urea/2M thiourea as denaturant, 20mM 
dithiothreitol as reductant, 150μg loading sample and peak voltage at 8,000V; 
3. To identify proteins involved in the degradation, a proteome analysis of cells 
exposed to phenanthrene, pyrene and benzo[a]pyrene was conducted and several 
protein groups were found, including PAHs degradation，transporter and regulation 
factor, crbon metabolism，amino acid metabolism，nucleotide metabolism，individual 
functional protein and hypothetical/unknow protein; 















alpha subunit (RHDα) and 4-hydroxybenzoate 3-monooxygenase gene expression 
induced by phenanthrene, pyrene and benzo[a]pyrene. The results indicated that the 
gene of these two enzymes were variously unregulated after exposure to PAHs; 
5. N. pentaromativorans US6-1 degrades PAHs via multiple metabolic routes 
initiated by ring-hydroxylating dioxygenase, further degradation via either o-phthalate 
pathway or salicylate pathway; both pathways are subsequently entered tricarboxylic 
acid (TCA) cycle and mineralized to CO2 and H2O. 
Keywords High-molecular-weight PAHs; Biodegradation; Proteomics; Gene 












































产生世界范围 PAHs 的迁移作用[2]。Connel 等[3]的研究表明，由燃烧产生的 PAHs




不同海域 PAHs 的质量浓度差别较大，海水中 PAHs 的最高质量浓度为
34,338.0ng/L，最低为 13.0ng/L，海洋沉积物中 PAHs 的最高质量比为 1,670.0μg/g,
最低为 24.1 ng/g。近海工业的发展程度及都市化进程与海域环境中 PAHs 的浓度
存在明显的正相关关系。贝类的 PAHs 浓度比其他生物体高[4]。 



















占主导，而在其沉积物中则以苯并[a]芘等 5-6 环的 PAHs 占主导。PAHs 在沉积




1979 年，美国环保局( EPA) 首先公布 129 种优先监测污染物，其中 PAHs
有 16 种（图 1.1）。而后欧洲将 6 种 PAHs ( F1、 B[ b ]F1、 B[ k ]F1、 B[ a ]Py、 
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